ract.-The m o b i l i t y o f 13-y' m a r t e n s i t i c i n t e r f a c e s i n thermoelastic b)%AlNi a l l o y s i s i n v e s t i g a t e & using stress-assisted s i n g l e i n t e r f a c e transformations over a temperature range o f 180 t o 410K and imposed i n t e rf a c i a l v e l o c i t i e s of 10-6 t o 10-2 m/s. The behavior i s consistent w i t h thermally-activated i n t e r f a c i a l motion, although an anomalous temperature dependence i s observed below 210K which may be due t o e l a s t i c s o f t e n i n g Measured a c t i v a t i o n energies of 0.3 t o 0.4 eV (4.5 x 10-20 t o 6.5 x 10-j0 J) and a c t
i v a t i o n volumes o f 103 t o 104 atomic volumes suggest t h a t motion o f t h e i n t e r f a c e above 210K i s c o n t r o l l e d by i n t e r a c t i o n w i t h d i s c r e t e part i c l e s o r c l u s t e r s . I n t r o d u c t i o n . -Few measurements o f the m o b i l i t y o f m a r t e n s i t i c i n t e r f a c e s under c o n t r o l l e d conditions have been reported. D i s l o c a t i o n models o f i n t e r f a c i a l s t r u c t u r e suggest t h a t the i n t e r f a c e s should possess m o b i l i t i e s s i m i l a r t o those o f s l i p d i s l o c a t i o n s (1,2).
Thus, motion a t low v e l o c i t i e s i s expected t o be thermally-activated ( 3 ) . This concept has formed the basis o f a model f o r i s othermal n u c l e a t i o n k i n e t i c s (1) . Due t o the well-defined geometrical aspects of deformation by martensi t i c i n t e r f a c e motion (4), stress-assisted s i n g l e i n t e r f a c e motion i n thermoelastic a l l o y s provides an i d e a l opportun'ty t o measure i n t e r f a c e m o b i l i t y i n the thermally-activated regime. Such s i n g l e -i n t e r f a c e m o b i l i t y measurements have so f a r been performed o n l y f o r the B?i m a r t e n s i t i c transformation i n a CuAlNi a1 l o y deformed i n u n i a x i a l tension a t one temperature (5) . Subsequent experiments revealed t h a t y l martensite i n t h i s a l l o y system e x h i b i t s a g r e a t l y extended temperature range o f s t a b i l i t y i n compressive deformation as compared t o tension ( 6 ) .
The present study was undertaken t o extend the s i n g l e -i n t e r f a c e m o b i l i t y measurements t o a wide range o f temperatures using compressive deformation o f a s e r i e s o f CuAlNi alloys, and t o i n t e r p r e t the behavior i n terms o f the theory o f thermal l y -a c t i v a t e d deformation (3) i n order t o i d e n t i f y possible mechanisms f o r the thermally-activated motion. M a t e r i a l s and Experimental Procedures.-d u~l~i a l l o y s i n g l e c r y s t a l s i n the form o f 5 mm diameter rods were grown by the Bridgman method. Two c r y s t a l s , a l l o y s A and B, were heat t r e a t e d t o g i v e d i f f e r e n t s t a b i l i t i e s w i t h respect t o the B+yi martens i t i c transformation, Table 1 . Parallel-ended compression specimens 20 mm i n length were c u t from the c r y s t a l s p r i o r t o f i n a l heat treatment. The compression axes were o r i e n t e d a few degrees from [0Olls.
Constant v e l o c i t y isothermal compression t e s t s were conducted i n appropriate isothermal baths using a 20,000 l b (89,000 N) I n s t r o n mechanical t e s t i n g machine, covering a range o f t e s t temperatures and imposed veloci t i e s . A t h e o r e t i c a l heat t r a n s f e r a n a l y s i s and d i r e c t measurements by thermocouples mounted on specimens both revealed a maximum temperature r i s e a t the i n t e rface (due t o t e transformation l a t e n t heat) o f 7OK a t the highest v e l o c i t y employed ( 7 . 1 l x l 3 m ) . At v e l o c i t i e s o f 1.41~10-3 msA1 and below, the temperature r i s e was l e s s than 2°K and o n l y these data were employed f o r thermal a c t i v a t i o n analysis. Recorded a p p l i e d load-crosshead displacement curves were converted t o mechanical d r i v i n g f o r c e -i n t e r f a c e displacement curves using t h e known transformation Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982420 ----M~ Mf As Af i n v a r i a n t -p l a n e shape s t r a i n ( 7 ) , r e s o l v i n g t h e a p p l i e d loads i n t h e s h a p e -s t r a i n p l a n e and d i r e c t i o n and computing corresponding a x i a l displacements f o r t h e most f a v o r a b l y o r i e n t e d t r a n s f o r m a t i o n v a r i a n t ( 4 ) . The computed c o r r e l a t i o n o f crosshead and i n t e r f a c e p o s i t i o n s was v e r i f i e d by d i r e c t o b s e r v a t i o n o f t h e i n t e r f a c e . A t y p i c a l d r i v i n g force-displacement p l o t as observed f o r T>Af i s shown schemat i c a l l y i n F i g u r e 1. Both t h e r e s o l v e d shear s t r e s s , r , and t o t a l d r i v i n g f o r c e p e r u n i t volume, Ag, a r e i n d i c a t e d . A t TN ( o r Ag ), t h e m a r t e n s i t e n u c l e a t e s a t a specimen corner. The l o a d then drops and t h e i n v e r f a c e moves f o r w a r d a t a n e a r l y c o n s t a n t l e v e l o f T and Ag. Reversing t h e d i r e c t i o n o f crosshead displacement, t h e i n t e r f a c e moves i n t h e r e v e r s e d i r e c t i o n a t a l o w e r l e v e l . The average " f r i c t i o n s t r e s s " ~f (and t h e corresponding ~g ) i s one-half o f t h e r e s u l t i n g h y s t e r e s i s f o r f o r w a r d and r e v e r s e i n t e r f a c e
motion. I f +f i s assumed equal i n magnitude i n b o t h d i r e c t i o n s , t h e h y s t e r e s i s m i d p o i n t d e f i n e s r0 where hg=0 (5,8).
A Above %210K, t h e temperature and c o n s t a n t -v e l o c i t y B1-y' m a r t e n s i t i c r a t e dependences o f T~ a r e characs i n g l e -i n t e r f a c e t r a n s l o r m a t i o n . T, Af .
t h i g h e r temperatures, some 6 ' m a r t e n s i t e formed a t t h e ends o# t h e s p e c imen b e f o r e t h e B?i i n t e r f a c e passed through. T h i s small end
t
e r i s t i c i n b o t h s i g n and magnitude o f t h e r m a l l y -a c t i v a t e d d i s l o c a t i o n motion, resembling t h e t y p i c a l behavior of a p l a s t i c f l o w s t r e s s . However, an anomalous p o s i t i v e temperature dependence i s observed below 210K i n a l l o y B. T h i s e f f e c t may be due t o t h e anomalous temperature
dependence o f t h e e l a s t i c constants which has been observed i n many 6-phase a l l o y s (9). Strong i n t e r a c t i o n s between e l a s t i c and p l a s t i c behavior have been observed i n f e r r o m a g n e t i c Fe3Pt a l l o y s (11,12). I n agreement w i t h p r e v i o u s l y r e p o r t e d behavior f o r B-CuAlNi a l l o y s ( l o ) , p r e l i m i n a r y e l a s t i c c o n s t a n t s measurement o f a l l o y B r e v e a l e d a p o s i t i v e temperature dependence o f t h e C ' e l a s t i c c o n s t a n t w i t h an i ncreased s l o p e (as w e l l as a g r e a t e r s t r e s s dependence) below 210K. P o s s i b l e mechanisms by which e l a s t i c s o f t e n i n g may i n t e r a c t w i t h i n t e r f a c i a l m o b i l i t y a r e under i n v e s t i g a t i o n . F u r t h e r d i s c u s s i o n w i l l be c o n f i n e d t o t h e behavior observed above 210K where -rf e x h i b i t s t h e normal temperature dependence f o r a t h e r m a l l y -a c t i v a t e d process.
The v a l u e o f T~ i n a l l o y A appears t o approach a c o n s t a n t minimum l e v e l a t t h e lowest v e l o c i t i e s and h i g h e s t temperatures. T h i s suggests an "athermal" c o n t r i b u - 
r i b u t i o n s a r e u s u a l l y a t t r i b u t e d t o i n t e r f a c e -o b s v a c l e i n t e r a c t i o n s which a r e t o o l o n g range t o be surmounted t h e r m a l l y . P o s s i b l e athermal o b s t a c l e s are r e l a t i v e l y l a r g e p r e c i p i t a t e s and i n c l u s i o n s which c o u l d produce a p a r t i c l e p i n n i n g f o r c e s i m i l a r t o t h a t proposed by Zener (13) f o r g r a i n boundary m i g r a t i o n .

The thermal component o f the f r i c t i o n s t r e s s , T~-T~, can be evaluated assuming an i n t e r f a c e v e l o c i t y law o f t h e form where t h e a c t i v a t i o n energy Q i s a f u n c t i o n o f T o r Ag, and vo i s a temperature i ns e n s i t i v e constant. A t a g i v e n l e v e l o f r o r Ag, Q can be e v a l u a t e d from t h e data p l o t t e d i n Figures 2 and 3 u s i n g t h e p a r t i a l d e r i v a t i v e
Such an ana y s i s g i v e s ac v a t i o n energies i n t h e range o f Q = 0.3 t o 0.4 eV (1.5 x 10-zd t o 6.5 x lo-@ J ) , and i d e n t i f i e s t h e pre-exponential f a c t o r as vo = 3.76 x lo1 m/s.
The e x a c t form o f t h e f u n c t i o n Q(T), o r Q ( A~) , which o f f e r s some i n s i g h t i n t o t h e n a t u r e o f t h e r a t e -c o n t r o l l i n g b a r r i e r , i s b e s t evaluated from t h e r a t e -s e n s it i v i t y o f rf o r Ag. A u s e f u l q u a n t i t y i n t h e a n a l y s i s o f t h e r m a l l y -a c t i v a t e d deformation i s t h e d e r i v a t i v e Expressed i n u n i t s o f volume, t h i s d e r i v a t i v e i s o f t e n termed t h e " s t r e s s a c t i v a t i o n volume". For comparison w i t h model-derived q u a n t i t i e s , V, f o r t h e t h e r m a l l ya c t i v a t e d motion o f a l i n e d i s l o c a t i o n o f Burgers v e c t o r b i s u s u a l l y represented as VT = bA* where A*, t h e " a c t i v a t i o n area", i s t h e increment o f area swept by t h e d i s l o c a t i o n d u r i n g t h e c r i t i c a l event ( 3 ) . Hence, t h e c r i t i c a l event f o r t h e motion o f a l i n e d i s l o c a t i o n i s regarded as two-dimensional i n c h a r a c t e r .
D i s c r e t e d i s l o c a t i o n models f o r t h e s t r u c t u r e o f coherent i n t e r f a c e s ( i n c l u di n g t h e l o c a l s t r u c t u r e o f t h e twinned semicoherent i n t e r f a c e s d e a l t w i t h here) d e s c r i b e t h e i n t e r f a c e i n terms o f t r a n s f o r m a t i o n o r coherency p a r t i a l d i s l o c a t i o n s which propagate t h e l o c a l t r a n s f o r m a t i o n l a t t i c e deformation w h i l e m a i n t a i n i n g cont i n u i t y o f t h e c r y s t a l l a t t i c e (2, 14, 15) .
When t h e coherency d i s l o c a t i o n s i n a p a r t i c u l a r a r r a y a r e r e l a t i v e l y w i d e l y spaced, i t i s expected t h a t t h e i n t e r a c t i o n o f t h e i n d From equations ( 1 ) and ( 4 ) , we o b t a i n Using t h i s r e l a t i o n t o evaluate V* from the experimental data, the v a r i a t i o n of Ag w i t h V* (and -c w i t h V,) f o r a l l o y s A and B above 210K, corrected f o r t h e athermal contribugions, i s shown i n Figure 4 . A c t i v a t i o n volumes a r e expressed i n terms o f t h e atomic volume W. Data f o r t h e two a l l o y s over t h e temperature range i n v e s t i g a t e d are i n reasonable agreement, suggestive of a s i n g l e r a t e c o n t r o l l i n g mechanism. P l o t s o f t h i s form describe the force-distance charact e r i s t i c s o f t h e c o n t r o l l i n g obstacle (3), i n t h i s case i n d i c a t i n g a r e l a t i v e l y long range " t a i l " f o r which the f o r c e decreases approximately as t h e r e c i p r o c a l o f t h e distance ( % l / r ) . D e t a i l s o f t h e s h o r t range (low V*) behavior could n o t be discerned due t o the i n t e r v e n t i o n o f t h e anomalous softening e f f e c t a t low temperatures.
4
The o v e r a l l p r o f i l e shape and l a r g e a c t i v a t i o n volumes of 10 and 10 i2 are s i m i l a r t o those f o r d i s l o c a t i o n -d i s l o c a t i o n i n t e r a c t i o n s , b u t another l i k e l y cont r o l l i n g mechanism would be t h e i n t e r a c t i o n w i t h d i s c r e t e p a r t i c l e s such as f i n e p r e c i p i t a t e s o r s o l u t e c l u s t e r s , possibly i n a d i s t r i b u t i o n o f sizes. Further h e l p f u l information on t h e nature o f the short-range i n t e r a c t i o n s may be obtained using a modulus-normalized analysis o f the -c-VT , Ag-V* data based on the measured e l a s t i c constants. Conc1u~ions.-Over a temperature range o f 180 t o 410K and a v e l o c i t y range of 10-6 t o 10-z m/s, the m o b i l i t y o f t h e @+yj i n t e r f a c e o f CuAlNi i s c o n s i s t e n t w i t h thermally-activated motion, although an anomalous temperature dependence i s observed below 210K which c o r r e l a t e s w i t h increased l a s t i c softening. A c t i v a t i o n energies o f 0.3 t o 0.4 eV (4.5 x 10-20 t o 6.5 x J) were determined, w i t h a c t i v a t i o n volumes o f 103 t o 1 0 4~. The behavior i s suggestive o f r a t e c o n t r o l by i n t e r a c t i o n w i t h d i s c r e t e p a r t i c l e s o r s o l u t e c l u s t e r s , but f u r t h e r low temperature m o b i l i t y i n f o r m a t i o n i s needed t o d e f i n e t h e nature o f the short-range i n t e r a c t i o n .
